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[bookmark: _Ref178064866]In RAN2#95bis meeting, we made the following agreements regarding DL-based NR mobility in RRC_CONNECTED mode.
	Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:
1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
- FFS: whether UE report individual and/or combined quality of multiple beams
2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
- FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
- FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
- FFS how the cell in connected relates to the cell in idle
3. Study how to derive a cell quality based on measurements from individual beams



Furthermore, the following agreements were made in RAN2#96 for RRM measurement in connected active.
Agreements for connected active:
1: RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
a/ best beam, 
b/ N best beams, 
c/ all detected beams,
d/ beams above a threshold.
Other options are not precluded

According to the agreements, the measurement results from multiple beams may need be taken into account for handover decision in RRC_CONNECTED mode. In this contribution, we discuss the possible options of combining multiple measurement results for DL-based mobility procedures in NR systems.
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Multi-beam measurement consolidation
In a typical LTE measurement model, there are layer-1 (L1) and layer-3 (L3) filters to smooth out fast fading and provide short-term averaged cell quality, respectively. In NR, we expect that a measurement model with both L1 and L3 filters will be adopted. However, when measurements are performed on multiple beams, there will be multiple inputs at point A with each input corresponding to the measurement samples of one beam to the physical layer. When measurement results on multiple beams are available, one additional step is introduced in the measurement model, so as to combine multiple beam measurement results and derive a single indicator of cell evaluation is needed. For simplicity, the module is referred to as “measurement consolidation”. 
Between raw measurement results of individual beams to final L3 filtering output, the measurement consolidation module can be inserted at different points in the measurement model. Some options are depicted and explained below.


Figure 1.	Consolidation of multiple measurement results
Option 1: Consolidation in PHY before L1 filtering
With this option, the consolidation is performed on the raw measurements before L1 filtering, and only one L1 filtering is required. Since L1 filtering is implementation dependant, how the measurements are executed, how to perform consolidation and generate inputs A as well as L1 filtering in the physical layer will not be left to implementation. There is only one measurement value reported to L3 after L1 filtering, which means different beams will be not visible to RRC.
Option 2: Consolidation after L1 filtering on each beam
In this way, the consolidation is performed after L1 filtering, which is also handled by PHY. So there will be only one input (at point B) to a single L3 filter, and the output can be used to trigger measurement event as in current LTE. For example, A3 event is triggered if the L3 filtered RSRP (which may implicitly combine the result of multiple beams) of a neighbour cell is offset better than that of the serving cell. Same as Option 1, different beams are not visible to RRC.
Option 3: Consolidation after L3 filtering on each beam
In this way, both L1 and L3 filtering are applied on individual beams, and there are multiple L3 filters, which means the different beams will be visible to RRC and beam-specific measurement result at point C is available. The consolidation after L3 filtering transforms raw beam-specific measurement results into cell-specific measurement results, before performing cell evaluation. Since multiple beam-specific measurement results are available, new measurement event triggering criteria based on these can be introduced.
Cell quality derivation and measurement consolidation
Measurement consolidation is highly related to the set of beams for cell quality derivation. Considering the fact that layer-1 filtering on each beam is unavoidable to generate the CSI information for beam management, here we ignore Option 1 and study the feasibility of Option 2 and Option 3 (i.e. performing consolidation before and after L3 filter), when different sets of beams are selected for cell quality derivation. Some analysis is provided in Table 1.
Table 1.	Cell quality derivation and measurement consolidation
	Selected beams
	Measurement consolidation: Before or after L3 filter?

	Best beam
	Both consolidation points work. If consolidation is performed before L3 filter, the input beam ID may vary in each update, and the filtered result can be interpreted as the long-term signal strength of a cell assuming the UE is always served by the best beam of a cell.

	N best beams
	If the output measurement consolidation is a single value summation or averaging, both consolidation points work, although the set of input beam IDs may vary in each update if consolidation is performed before L3 filter. However, if the mobility procedure requires beam-level quality (e.g. beam-wise comparison), consolidation needs to be done after L3 filtering on each beam.

	All detected beams
	Beam detection is a L1 behaviour, and thus measurement consolidation should be performed before L3 filter so that the UE knows which beams are detectable.

	Beams above a threshold
	The comparison of signal strength against a given threshold can be done either before or after L3 filtering. However, the determination of such “qualified beams” are more reliable if it is done after L3 filtering on each beam



[bookmark: _GoBack]In summary, performing measurement consolidation after L3 filtering preserves the relatively long-term signal quality for each beam, and allows more flexible and reliable cell evaluation. However, the complexity is higher. Since the measurement consolidation is highly related to cell quality derivation method, we suggest that RAN2 determine the multi-beam measurement consolidation point (before or after L3 filter), depending on whether the cell quality derivation requires beam-specific L3-filtered measurement results.
Observation 1:	Consolidating measurement results after L3 filtering allows more flexible and reliable cell evaluation, but introduces much higher complexity.
Proposal 1:	RAN2 to determine the multi-beam measurement consolidation point (before or after L3 filter), depending on whether the cell quality derivation requires beam-specific L3-filtered measurement results.
Measurement model modification
In LTE specification, the filtering and evaluation of measurement results are described by a measurement model. Based on the choice of consolidation, a functional block representing measurement consolidation should be added to the measurement model of NR.
Proposal 2:	Consolidation of multiple measurement results should be included in the measurement model of NR.
The figure below shows an example of modified measurement model when measurement consolidation is performed between L1 and L3 filtering.


Figure 2.	Introducing measurement consolidation to LTE measurement model.
Conclusion
Based on our analysis, we have the following observation:
Observation 1:	Consolidating measurement results after L3 filtering allows more flexible and reliable cell evaluation, but introduces much higher complexity.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	RAN2 to determine the multi-beam measurement consolidation point (before or after L3 filter), depending on whether the cell quality derivation requires beam-specific L3-filtered measurement results.
Proposal 2:     Consolidation of multiple measurement results should be included in the measurement model of NR. 
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